The zero-resistance temperature of the high-T, oxide superconductor Bi2CaSr2Cu208+z {2:1:2:2)can be significantly increased by annealing at 500 C in an oxygen-reduced environment. Raman spectroscopy of high-density sintered samples shows that processing the material in this way increases the strength of the Raman peak of highest frequency {650cm '), leaving the strengths of the other oxygen peaks unchanged. The Raman data con6rm that the mobile oxygen atoms are located in the bismuth layer and support those models of oxygen structure in which excess oxygen is incorporated interstitially. They provide evidence that the incommensurate-to-commensurate transition observed in electron diffraction in the vicinity of 500'C is associated with a loss of oxygen from the bismuth layer.
I. INTRODUCTION Since the discovery of the bismuth-based cuprate superconductors by Maeda et al. , ' several superconducting phases have been reported in the Bi-Ca-Sr-Cu oxide system. Among them, a phase with a transition temperature in the vicinity of 10 K has been identified as Bi2Sr2Cu06+s (2:0:2:1),an 84-K phase has been identified as Bi2CaSr2Cu20s+s (2:1:2:2), and a 108-K phase has been identified as BizCa2Sr2Cu30, 0+s (2:2:2:3). These compounds are all layered oxygen-deficient perovskites. Sample preparation conditions, such as the annealing temperature, annealing time, cooling rate, and ambient gas, can inhuence the superconducting properties of the Bi-Sr-Ca-Cu oxide superconductors, apparently by varying 5, the degree of oxygenation.
From various studies of x-ray-diffraction and neutron diffraction in bismuth 2:1:2:2,a consistent picture of the average structure of the cations has emerged. The structure is orthorhombic, with calcium, copper, strontium, and bismuth atoms confined to separate layers.
Neutron-diffraction data showed that there is no oxygen in the calcium layer, while metal and oxygen atoms alternate in the copper and strontium layers. Early neutrondiffraction data were interpreted as indicating that oxygen is incorporated by the progressive occupation of the vacant sites in a BiO layer until a commensurate Bi02 structure is reached.
More recently, high-resolution electron microscopy data ' have shown that at room temperature the oxygen structure in the bismuth layer is incommensurate, and the existence of an oxygen superlattice in the bismuth layer has been confirmed by neutron diffraction. ' Electron-diffraction data have shown that a transition from a low-temperature incommensurate phase to a high-temperature commensurate phase occurs in the vicinity of 500'C. "' The goal of this work is to seek evidence to link these observations by studying changes in the oxygen peaks in the Raman spectrum of bismuth 2:1:2:2in the temperature range from room temperature to close to the melting point.
Each peak in the vibrational Raman spectrum corresponds to the motions of groups of atoms along the normal coordinate. Lattice dynamical calculations of the Raman and infrared (IR) active vibrational modes of Bi2CaSr2Cu208 have been carried out by Prade et al. ' based on a simplified unit cell proposed by Tarascon et The micrographs reveal no obvious difference between the nitrogen-and oxygen-annealed samples, indicating that annealing at 500'C (which is well below the melting temperature of 870'C) does not alter the average structure of the cations. Therefore, the principal effect of annealing at 500'C in an oxygen-reduced atmosphere will be to remove oxygen from the lattice, and the principal effect of annealing in oxygen gas will be to restore it.
ceptibility of the oxygen-annealed samples was found to be independent of temperature down to 78 K. Curve (b) in Fig. 2 In order to search for evidence of changes in the distribution of oxygen atoms brought about by annealing, Raman scattering measurements have been carried out at normal incidence in a back-scattering geometry using a Spex 1877B Raman spectrometer. The excitation radiation was the 514.5-nm (19436-cm ') line of an argon-ion laser operating in the TEMOO mode. The diameter of the diffraction-limited focal spot was estimated to be 6.8 pm.
Preliminary experiments comparing the Raman spectra of a single sample of bismuth 2:1:2:2after annealing for 24 h at 500'C in oxygen and nitrogen gas showed that the removal of oxygen brought about a significant increase in the intensity of the oxygen peak at 650 cm while the intensities of the other oxygen peaks were unchanged. To verify this unexpected result, laser annealing techniques were adopted to study the temperature dependences of the various oxygen peaks.
Each sample was annealed in an external oven in an atmosphere of pure oxygen gas at 500 C, then mounted in the sample holder of the Raman spectrometer in an atrnosphere of air. With low power in the laser beam, the beam was focused on the sample and the position of the focal spot was adjusted until the strongest Raman scattering was obtained. The power in the laser beam was increased in steps to a maximum well below the power required to melt the sample and then decreased in 
